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Objectives of Module 

In this Module you will learn how to directly Manipulate 
text and graphics on your screen without using BASIC 
statements to do printing or plotting* You will discover how 
to place information directly into memory so as to change 
what appears on the screen* This understanding will enable 
you to create dramatic graphics and custom designed character 
sets ♦ 



Overview (subtopics) 

1* Color Registers* 

An overview of the relationship between the different 
graphics modes and the five color registers* 

2* What is Screen RAM? 

Explores the purpose of screen RAM and its use with 
different graphics modes* 

3* Hi-Res Graphics Mode 8* 

What are pixels* bytes* and bits and how are they 
related in Graphics mode 8? 

^* Graphics Modes 3 through 7* 

The special coding of colors in these graphics modes is 
explained* 

5* Graphics Modes 0* 1* and 2* 

Why characters look the way they do and how the 
computer decides what character to put on the screen 
and what color to make it* 

6* Summary and Challenges* 



Prerequisite Understanding Necessary * 

1* You must be familiar with how to use the different BASIC 
graphics modes to put text or graphics on your screen* 

2* You must know the purpose of the PEEK and POKE statements 
and how to use theM in BASIC* 



Materials Needed 

1* BASIC Cartridge* 
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C o 3L to r Registers 



This section explores the use of the color registers in 
different graphics Modes and reviews how BASIC uses these 
registers* 



Computer MeMory can be thought of 3S a sequence of 
Mailboxes with each Mailbox having its own address* The 
address of the first Mailbox in coMPuter MeMory is zero* the 
second has an address of one* and the last has an address of 
65535 (assuMing the coMputer has 6*\li of wefiory) ♦ Each 
Mailbox holds a bste * A byte is a nuMber no SMaller than 
zero and no bigger than 255* This nuMber* or byte* can be 
used for Many different purposes* Many bytes in MeMory are 
reserved for special purposes* 



There are five special bytes whose purpose is to control 
the colors you see on the screen* Their addresses are 708* 
709* 710* 711* and 712* Each of these locations is called a 
color register (nuMbered 0 through ^)* Locations 70S through 
711 are also often referred to as playf ields 0 through 3 
repectively ♦ 



Internal Representation Worksheet #1 will help you 
understand the relatonship between the value put into a color 
register* the color you see* and the nunbers used in the 
SETCOLOR coMMand supplied by BASIC * Turn to that worksheet 
now ♦ 
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Internal Representation Worksheet 41 



Most of the screen in Graphics node 0 (all of the 
background) is called plsyfield 2* The color of this 
playfield cowes from color register 2 which is location 710* 
If you POKE a new value into location 710 (reMewber it can 
only hold numbers frow 0 to 255) , the color of the screen 
will change* Try the following! 

POKE 710,0 
POKE 710,15 
POKE 710,16 

Now press SYSTEM RESET ♦ 



You can also change the color of playfield 2 by using 
the SETCOLOR coMMand* The forw of this coMMand is? 
"SETCOLOR register , hue, luminance" where "register" is 0 to 4 , 
and "hue" and "luminance" are numbers fron 0 to 15 ♦ All this 
coMMand really does is change the value in the appropriate 
color register ♦ Type in the SETCOLOR and PRINT conMands to 
see the value in the color register and fill out the chart 
below J 

Hue I Lufi I Value , in _ C o 1 o r „ Register 



SETCOLOR 2,0,0 






PRINT PEEK (710) 


0 


1 o 


SETCOLOR 2,0,15 






PRINT PEEK (710) 


' 0 


1 15 


SETCOLOR 2,1,0 






PRINT PEEK (710) 


1 


1 o 


SETCOLOR 2,1,15 






PRINT PEEK (710) 


1 


I 15 


SETCOLOR 2,5,0 






PRINT PEEK (710) 




1 o 


SETCOLOR 2,15,15 






PRINT PEEK (710) 


15 


I 15 



Can you guess what the relationship is between the hue 
and lutti nance of a color and the value in the corresponding 
color register? Before you proceed* be sure you figure this 
out or ask someone for help* 
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In worksheet #1 you used color register 2 (location 710) 
to change the background color of the screen*. One of the 
confusing aspects of Atari color graphics is the fact that 
the color of the background is controlled by register 2 only 
in certain graphics Modes (0 and 8)* In Most graphics Modes 
the background color coMes froM register 4 (location 712)* 
This can get very confusing* especially when you consider 
that in all graphics Modes the border color (whatever that 
is) cones froM register 4 also* DiagraM #1 Might help 
clarify this* 



Diagr3M 1 



Graphics Modes 
0 and 8 



Background 
Register 2 
(710) 



.Border - 
Register 3 
(712) 



Graphics Modes 
1 - 7 



V 



Background 
Register 4 
(712) 



Border - 
"Register 
(712) 



Now the interesting thing is that since the background 
and border get their color froM the ssmo register in Modes 1 
through 7* one can never Make the background a different 
color froM the border in these Modes* The entire screen will 
always be the color in register 4 + Try POKEing different 
values into locations 710 and 712 in different graphics Modes 
to better understand the diagraMS above* Also* try using 
"SETCOLOR 2*hue*luM n and "SETCOLOR 4 * hue * Ium" ♦ 
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In this section you will learn about an area of MeMory 
called screen RAM which is used to store infornation that 
appears on your screen as text or graphics* 



Like all other Memory locations, screen RAM is just a 
sequence of bytes used for a special purpose* Each byte is a 
value froM 0 to 255* The reason these wenory locations are 
called screen RAM is because everything you see on your 
screen is the result of the coMputer looking at each number 
in screen MeMory and then putting something on the screen 
depending on which graphics Mode you're using* It Makes 
absolutely no difference whether you use BASIC* or PILOT* or 
AsseMbly Language to get soMething on your screen — if you 
see soMething on your Monitor* no Matter if it's text or 
graphics* then there are numbers in screen RAM corresponding 
to what you see* SiMilarly* if there's soMething in screen 
RAM besides zeros* then there will be soMething on your 
Monitor* The interesting part of all of this is the fact 
that the ssne nuMbers are used in screen MeMory* 0 to 255* to 
give you the entire variety of things you see on your screen 
in different graphics Modes* 

Screen RAM ♦ 0 0 40 101 108 108 111 0 0 0 ♦♦♦ 



But in other graphics Modes* with these very saMe nuMbers in 
screen RAM* you would see very different things on the 
screen* You'll learn in later sections how the coMputer 
decides what to put on the screen* For now* however* you 
should coMplete Worksheet #2 to get faMiliar with the idea of 
screen RAM ♦ 



In Graphics 0 this is 



decoded into 
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Screen RAM is not restricted to a particular area in the 
computer's Memory, rather it can be almost anywhere you want 
it to be* Usually one doesn't have to worry about it thought 
because BASIC takes care of it whenever you print or plot to 
the screen ♦ E'.ut the computer always needs a way to find out 
where screen RAM is so that it can look there to decide what 
to show on the screen* So when E'.ASIC sets aside an area of 
memory for screen RAM, it also leaves behind an address so it 
can find it when you print or draw on the screen* That 
address is stored in locations S3 and 89* 



Ely playing a little with PEEKs and PQKEs* you can do 
some interesting things to screen RAM to make interesting 
things happen on the screen ♦ Start by following these steps! 

1* Press SHIFT-CLEAR to clear the screen* The cursor should 
be positioned at the top of the screen* It will be 
automatically positioned two spaces in from the left-most 
e d g e ♦ 

2* On this top line type your name* Don ' t p r ess RETURN * 
Use the arrow keys to move the cursor down a couple of lines 
and to the left margin (2 spaces in from the screen edge)* 

3* Be sure you are in the capital letters mode by pressing 
SHIFT-CAPS ♦ Now type! L0C=256*PEEK ( 39 ) +PEEK ( 38 ) and press 
RETURN* 

^* The first two locations in screen RAM are blank because 
your name is indented by two spaces* Thus if you type* 
PRINT PEEK ( LOC ) » PEEK < LOC+ 1 ) you will see two zeros, 

3* Try typing the following (always press RETURN after each 
1 ine ) * 

PRINT PEEK ( LQC + 2 ) , PEEK ( LQC + 3 ) 
POKE L0C+2Q *PEEK(LQC+2) 

(Notice what happens on the top line)* 

POKE LOC+4 0 *PEEK(L0C+3> 

6* Play with the ideas above for a while to explore the 
possibilities* For example* try things like* 
POKE LOC+ ^0 f 165 ♦ Try other numbers* 
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You can also explore screen RAM in other graphics nodes ♦ 
but first you need to find out where screen RAM is located 
after you enter the graphics node « Type the following 
exactly as shown below (no line numbers) « 

GRAPHICS 3 

LQC=256*PEEK ( 89 ) +PEEK ( 38 ) 

Now try some of the following and then experiment on your 
own \ 



POKE L0C,39 

for 1=0 to 255:poke loc,i:for j=i to so:next j:next I 
for 1=0 to 255:poke loc+i,i:fqr j=i to 2o:next j:next I 



WARNING: Locations S8 and 89 (address of screen RAM) 
are only used by BASIC so that it knows where to print 
characters or draw graphics* Unf or tunately ♦ the Antic chip 
in the computer looks somewhere else to find the location of 
the memory that contains information that should be displayed 
on the screen* These locations occur in the display list and 
are discussed in the advanced module on Display Lists* 



C o p y r i g 1 "\ t A t a r i I n c ♦ 



7 o o ♦ 

7 



All rights reserved 



8~fl :iL — R! & s G t 3 P' il & c s. Mo d je* G 



In this section you will learn how the numbers in the 
computer Memory (particularly in screen RAM) enable the 
computer to know where to turn on (or off) dots of light on 
your Graphics mode 8 screen* 



Before you can understand how the computer internally 
represents the graphics put on your screen* you must have a 
complete understanding of bytes and bits and the binary (base 
2 ) number system ♦ 



If your computer has 48K RAM* that means there are 48K 
(which equals ^8 >< 1024) cells of memory* A byte is simply a 
number which each of these memory cells can hold* These 
numbers can only be in the range 0 to 255* You'll soon learn 
how your computer can still print characters or draw lines 
with only the capability of storing numbers from 0 to 255 in 
memory ♦ 



The biggest number a byte can be (255) is not just some 
arbitrary number* You will soon see why no bigger number can 
be stored in the computer's memory* 

Diagram 2 



1 byte | | | | | | I I | 



8 bits 



The numbers placed in computer memory called bytes are 
Made up of 8 smaller units called bits (binary dig its )"* Each 
bit is either a zero or a one — zero and one are the two 
digits used in the binary number system* 



In base ten there are 10 digits used* 0* 1* 2 f 3* 4* 5* 
6 ? 7* 8* and 9* The number 7^6 in base ten has a 6 in the 
ones place (6 y, 1) and a 4 in the tens place (4 x 10) and a 7 
in the hundreds place (7 x 100)* In base ten each position 
has a place value* Base two (binary number system) follows 
the same principles (see Diagram 3)* Try to complete 
Worksheet #3* 
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Diagram 3 



- Digits 0-9 



- Digits 0-1 
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Base 10 
! 6 I 3 1 0 I 9 I 

Place values 1Q 3 10 2 10 1 10° 

1000 100 10 1 

Base 2 
I 1 I 0 | 1 I 1 | 



Place values Z 3 S 2 2 1 2° 

8 4 2 1 



Internal Representation Worksheet #3 



1 ♦ Try filling in the blanks in the following problem which 
converts a binary nuMber into its decimal equivalent* 



Binary number I 1 I 0 I 0 | 1 I 0 | 1 | 1 I 0 I 



Place value 128 3 4 2 1 

Decimal equivalent ■ 1 h 128 + 

0 x + 

0 x + 

y s + 

x 8 + 




If you POKEd the number 15 0 (a byte which is 8 bits) 
into a Memory location, you would really be storing the 
binary nuMber 10 010110 (one byte) into that Memory location* 

2* With a BASIC cartridge in the computer* type the 
f ol lowing statements J 

GRAPHICS 8 
SETCOLOR 2,0,0 
SCRAM«256*PEEK ( 39 ) +PEEK ( S3 ) 
SCRAM«SCRAM+8Q JPOKE SCRAM , 0 

Remember that the computer looks to the beginning of screen 
RAM to find the information that goes in the upper left-hand 
c o r n e r of t h e sere e n * T h e v a r i a b 1 e S C R A M o r i g i n a 1 1 y h a d t h e 
first 1 o c a t i o n o f s c r e e n R A M s t o r e d i n i t ♦ 



You should use the keyboard arrow keys to move the 
cursor up to the line: SCRAM==3CRAM + 80 J POKE SCRAM, 0* After 
you read the explanation below, put the cursor over the zero 
and change it to each of the decimal numbers in the list 
below* Each time you change it* press RETURN ♦ 



Everytime you execute the statement above, SCRAM gets 
changed* This is so that when you POKE a new number into 
screen RAM it gets put in a different place so that you do 
n o t e r a s e the n u m b e r s y o u p r e v i o u s 1 y p u t i n t o memory* In 
fact, by adding 30 each time to SCRAM , the numbers you POKE 
into screen memory correspond to a column on the graphics 
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screen starting in the upper left-hand corner of the screen 
(the position corresponding to the beginning of screen RAM) ♦ 
The reason for this will be explained later ♦ 



Try to discover the relationship between the little bit 
of light that appear on the screen and the numbers you POKE 
into screen Menory* Look at the binary representation of 
each number and notice how the bits that are l's correspond 
to the spots that light up* Ignore any colors you see — 
that's simply a feature of your TV or Monitor called 
art if acting ♦ 

(Nunber to POKE) 



Deciwsl 


Binary 


255 


1111 1 1 1 1 


240 


11110000 


15 


0 0 0 011 1 1 


204 


11001100 


51 


00110011 


128 


10000000 


64 


01000000 


32 


00100000 


16 


00010000 


8 


00001000 


4 


00000100 


2 


00000010 


1 


00000001 



Try other numbers and see if you can predict what you will 
get ♦ 

NQTEt Notice that the biggest binary nutiber that we can 
store in a Menory location is 11111111 « This equals 255 in 
d e c i M a 1 a n d t h a t i s w h y w e c a n ' t s t o r e a n y b i g g e r n u n b e r i n 
one computer location ♦ 
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Each single dot of light that appeared on your screen in 
Worksheet #3 is called a Pixel ♦ Pixels are very tiny in 
Graphics Mode 8 which is why this Mode is called a high 
resolution Mode* Pixels are Much larger in other graphics 
Modes* 



Hopefully you realized that in Graphics Mode 8 each bit 
in a byte deterMines whether a pixel is on or off* For every 
bit that is a one* the corresponding pixel on the screen is 
turned on (see DiagraM 4)» 



DiagraM 4 



Screen RAM (Binary) 



SCREEN 



0 1 255 

1 I 85 
I 

I 

3? | 15 

40 I 240 

41 I 128 



79 



204 



llllllll 
01010101 



00001111 
11110000 
10000000 



| acacaoxttttaoK | x * ft x< | ♦ ♦ ♦ | xrxx | 
| iX>XK>X | * | ♦ ♦ ♦ | | 



00000001 



11001100 



I 



I** 5SC3K | 



How Many pixels of light will Graphics 8 allow across 
the screen? The answer is 320* This is called the 
horizontal resolution of 3 graphics screen* Let's do sofie 
calculations ♦ 

Each of the 8 hits in a byte corresponds to one pixel 
and so we can calculate ♦ ♦♦ 

8 hits per byte x bytes ~ 320 bits (pixels)* 

So the number of bytes is 40* 

Screen RAM is siwply a sequential list of bytes* In Graphics 
8 the first 40 bytes in this list are used to turn on the 
appropriate pixels in the first row across the screen* The 
next 40 bytes (SCRAM-MO to SCRAM+79) are used for the second 
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row, and so on* This is why everytirce 80 was 3dded to SCRAM 
in Worksheet #3* it siwply Moved our graphics down two rows 
when 3 nunber was POKEd into that location* 



Finally* how Much screen RAM is needed for an entire 
Graphics 8 screen? The vertical resolution (nunber of rows) 
in Graphics 8 is 192* Thus you need 40 bytes per row x 192 
rows « 7680 bytes* That's a large anount of rcehory (almost 
2K>* 
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The four-color graphics Modes 3* 5* and 7 are explored 
here and the Methods in which nunbers in screen RAM are used 
to put colors on the screen are explained* You will also 
learn why graphics Modes 4 and 6 are provided when in fact 
Graphics 5 and 7 do everything Graphics 4 and 6 do, and 
Graphics 5 and 7 provide More colors* 



In Graphics 8 each bit in a byte is used to tell the 
coMputer whether to turn on or turn off a pixel on the 
screen* Unfortunately this coding scheMe provides no way to 
use color registers - all you get is an on or off pixel ♦ 



In Modes 3* 5* and 7 each pixel can be any one of three 
colors or the color of the background* That's why these are 
called four-color graphics Modes* In order to accoMplish 
this* a different scheMe than that used with Graphics 8 had 
to be devised* Rather than each bit in a byte corresponding 
to a pixel on the screen ♦ every two bits in a byte 
corresponds to a pixel* 

Any two bits can be used to provide the coMputer with up 
to four possible values* 



0= | 0 | 0 I 1=10 111 2= | 1 | 0 | 3= I 1 I 1 I 



This is why these Modes allow four possible colors for each 
pixel* If the value of the two bits is 0* the pixel is the 
color of the background* If the value is 1* the pixel is the 
color in register 0* A value of 2 gives the color in 
register 1* and a value of 3 gives the color in register 2* 
(This reseMbles the use of the COLOR stateMent in BASIC) ♦ 
Color register 3 does not get used in these Modes* 



Since there are 8 bits in a byte* and only two bits are 
needed to specify the color of a pixel in Graphics Modes 3* 
5* and 7 f we get 4 pixels on the screen for each byte in 
screen RAM ♦ Internal Representation Worksheet *4 will 
provide you with a better understanding of this coding 
scheMe* 
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Internal Representation Worksheet #4 



In Graphics node 8 each bit in 3 byte corresponds to one 
pixel* A byte has 3 bits and so e3ch byte codes the 
information in screen RAM for 8 pixels* In graphics nodes 3, 
5* and 7 two bits are needed for each pixel and so each byte 
provides the information for only four pixels* Type the 
following* 

GRAPHICS 3 

SCRAM=25A*PEEK ( 39 ) +PEEK < 33 ) 
SCRAM=SCRAM+10:pQKE SCRAM, 0 

Just as you did in Worksheet #3* use the cursor control 
arrows to change the zero in "POKE SCRAM* 0" to the decimal 
numbers in the following list* Notice the correspondence 
between the value of every two bits in the binary 
representation of the number being POKEd into screen memory 
and the colors that light up on the screen* 

Decimal Binary Value of every 

(Number to POKE-:) representation two bits (COLOR) 

3 3 3 3 
3 0 3 0 
0 3 0 3 
12 3 0 
12 3 1 

Now change the 10 to a 1 in the BASIC statement so that it 
reads * 

SCRAM-SCRAM+l I POKE SCRAM f 0 

Try POKE in Q some different numbers into screen memory and see 
the effect* Also try writing FOR loops to POKE different 
numbers into different places in screen memory (see Worksheet 
#2) « Finally* experiment with this technique in both 
graphics nodes 5 and 7 to see the differences in resolution* 



255 11 11 11 11 

204 11 0 0 11 0 0 

51 00 11 0 0 11 

108 01 10 11 00 

10? 01 10 11 01 
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The awount of screen RAM needed for a full graphics 
screen varies 3Mong Modes 3, 5* and 7 because the resolution 
is different anong these Modes ♦ The chart below calculates 
the nunber of bytes needed for each of these nodes ♦ RemeMber 
that only one byte is required for every four pixels* 



Mode 3 Mode 5 Mode 7 

Horizontal resolution 40 80 160 

(ft of pixels) 

Bytes needed for 10 20 40 

each row 

Vertical resolution 24 48 96 

(* of rows) 

Total # of bytes 240 960 3840 

(screen RAM) 



Note* Since there are 10 bytes per row in Graphics 3* 
SCRAM+SCRAM+10 was used in Worksheet *4 to bring the graphics 
down exactly one row* 



Mode 7 uses up quite a lot of newory — almost 4K* so 
it was decided that there wight be situations when 
programmers want the same resolution as Graphics Mode 7 (40 
pixels per row? 96 rows)* but don't want to use all that 
MeMory* The only way to do this is to Make only one bit in 
each byte correspond to a pixel on the screen* Then every 
byte can store the information for 8 pixels (because there 
are 8 bits) rather than only 4 pixels as in Graphics 7* This 
is exactly what happens in Graphics Mode 6* 



Thus in Graphics 6 you get twice as Many pixels for 
every byte* Therefore you use up only half as Much MeMory as 
in Graphics 7* There is of course a price to pay* When only 
one bit is used for every pixel* there can be only two 
possibilities for each pixel — either it is on (the bit is 
1) or it is off (the bit is 0)* This Means that you only get 
one color — the color in register zero* 
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Similarly* Graphics 4 has the sane resolution as 
Graphics 5» but uses only half the screen RAM* Again you get 
only two colors rather than four — either color register 0 
or the background ♦ 



You wight wish to try POKEing sofie nuMbers into screen 
RAM in these two Modes to be sure you understand how these 
Modes work* 
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These graphics Modes are used to print text on the 
screen end are a little wore Mysterious in how the coMputer 
internally represents the characters you see. In this 
section you'll le3rn about the coding techniques used in the 
text graphics Modes. 



The Most difficult concept to understand is how the 
coMputer puts a character up on the screen. One Might say 
that the coMputer actually "plots" a character on the screen. 
It does this in the sane way as pixels appear in Graphics 
Mode 8 where each bit that is a 1 in a byte turns on a 
corresponding pixel on the screen. Consider DiagraM 5. 
These are the eight bytes used to store how the letter "A" 
looks. The "A" is for Med by the ones in the bytes. 



DiagraM 5 



Byte 



Binary 



DeciMal 



1 
2 
3 

3 
6 
7 
3 



00000000 

oooTiNooo 

0 01 11 M0 

oaisnhio 

Ol:L|ojl.10 
0 1 1 1 1 1 .1 0 

oliiloliijjo 

00 0 00000 



0 
24 
60 
102 
102 
126 
102 
0 



Internal Representation Worksheet #5 develops this idea. 
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The decimal values of the eight bytes used to represent 

an "A" shown in Diagram 1 aret 0, 24, 60, 102, 102, 126, 

102, and 0* Try the following to see that these nunbers 
really wake an "A" ♦ 

GRAPHICS 8 
SETCOLOR 2,0,0 
SCRAM=256*PEEK < 89 ) +PEEK ( 88 ) 
POKE SCRAM, 0 :SCRAM=SCRAM+40 



Use the arrow keys to Move the cursor up to the POKE 
statement and change the zero to 24 (you 7 11 need to press 
CTRL-INSERT to get an extra space), then press RETURN* Do 
this again for the rest of the nuMbers* 60 , 102, 102, 126, 
102, and 0* You should see the "A" in the upper left-hand 
corner of the screen* 



In fact, the computer keeps all of the values of the 
eight bytes necessary for •'drawing" every character stored 
away in its Memory* You can actually PEEK into Memory to 
find those numbers* Try the following* 

Press SYSTEM RESET 
CHBAS=756 

(This address stores the high order byte of where the 
character data is stored)* 

CHARS=256*PEEK ( CHBAS ) 

(Every eight bytes starting at this address provide the 
bit pattern for a different character)* 

A=CHARS+8*33 

(An "A" is the 33rd character in the character set* 
Actually there are 33 characters before the "A" because 
there's a character numbered zero* Since each 
character's shape takes 3 bytes to define, the bit 
pattern for the letter "A" starts 3*33 bytes after the 
beginning of the character set)* 

FOR 1^0 TO 7 ♦PRINT PEEK t A+I )t NEXT I 

(This prints the 8 bytes used to define an 11 A 11 > ♦ 

E:=CHARS + S*3 4 

FOR 1-0 TO 7t PRINT PEEK ( B+I ) ♦ NEXT I 
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Let's use these nunbers More directly to put letters on 
3 Gr3phics Mode 8 screen as we did earlier. Try the 
following ♦ 

GRAPHICS 8 
SETCOLOR 2,0,0 
SCRAM=256*PEEK (89 ) +PEEK ( 88 ) 
A=CHARS+8*33 1 B=CHARS+8*34 

FOR 1=0 TO 7 ♦ POKE SCRAM+40*I , PEEK ( A+I ) { NEXT I 
FOR 1=0 TO 7 » POKE SCRAM+l +4 0*1 , PEEK ( B+I ) i NEXT I 

And for soMething a little More interesting, run this 
progrsn ♦ 

Press SYSTEM RESET 
100 QR ♦ 8 

110 SETCOLOR 2,0,0 

120 SCRAM=256«PEEK < 89 ) +PEEK ( 88 ) 

130 CHARS=2S6xPEEK(756) 

140 COLUMN=0 

150 FOR CH=0 TO 127 

160 FOR 1=0 TO 7 

170 POKE SCRAM+CH+40*I,PEEK<CHARS + 8:xCH+I) 

180 NEXT I 

190 COLUMN=COLUMN+l 

20 0 IF COLUMN=40 THEN SCRAM=SCR AM+4 0 0 : COLUMN= 0 
210 NEXT CH 
220 END 



There you have the entire character set copied to your 
Graphics 8 screen* Play with this technique for a while if 
you like. Try things like waking your letters upside down by 
copying the bytes in reverse order 35 in the following <this 
sssuMes SCRAM snd CHARS are defined froM running the progrsM 
above ) t 

SCRAM=SCRAM+4 0 0 

FOR 1=0 TO 7\ POKE SCR AM+4Qxci, PEEK < CHARS+8x33+7~I ) ♦ NEXT I 
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You've learned that each character is stored as an eight 
byte bit pattern representing the character's shape and that 
the eight bytes corresponding to each character are stored in 
a long list in memory (see Diagram 6)* 



Diagram 6 



Location 756 (CHBAS) 
I 224 i (EO in Hex) 



Location 224*256 ( E 0 0 0 in Hex) 



♦ 
♦ 
0 
24 
60 
102 
102 
126 
102 
0 

♦ 
♦ 
♦ 



33*3 bytes 
8 bytes 

correspond to fl A M 



i 



8 bytes 

correspond to "B" 



By now you May realize that the number 33 and the letter 
"A" have a special relationship as do the number 34 and "B"* 
etc* These numbers (33 and 34) are called offsets ♦ They 
provide the computer with a way to find the eight bytes it 
needs to put any particular character on the screen* For 
example* character ft33 (the letter "A") is always found 33*<8 
bytes (since each character takes up 8 bytes) past the 
beginning of the character set list* These offset numbers 
(often referred to as the internal character set ) are the 
very numbers that are placed in screen RAM as the code for 
each character that is to be put on the screen (see Diagram 7 
on the next page and the Internal Character Set Chart in 
back) ♦ 
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Diagraw 7 



Beginning of Character Set 



Screen RAM 
256*PEEK 
PEEK ( 88 ) 

40 
101 
108 
108 
111 



256*PEEK(CHBAS) 



+8*40 



+8*101 



+8*108 



+8*111 



0 

102 
102 
126 
102 
102 
102 
0 



0 
0 
60 
102 
126 
96 
60 



0 

56 
24 
24 
24 
24 
60 
0 



0 
0 
60 
102 
102 
102 
60 
0 



(Upper case letters cone 
before lower case letters) 

Bit pattern 
for "H" 



(Letters are in 
alphabetical order) 

Bit pattern 
for "e" 



SCREEN 




Bit pattern 
for "1" 



Bit pattern 



Copyright Atari, Inc. 1983, All rights reserved* 

22 



In the text graphics Modes, each byte in screen RAM 
represents one character on the screen* The value of the 
byte provides the computer with the character nunber (this* 
by the way* is not the sane nunber as the character's ATASCI 
value) which is used to look up a bit pattern (8 bytes) in 
the character set table* 



This technique is used in Graphics nodes 0* 1* and 2* 
but Graphics nodes 1 and 2 have a slight variation so as to 
provide colored characters* Worksheet #£ explores this 
further ♦ 
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Internal Representation Worksheet #6 



There are 123 different characters numbered fron 0 (a 
blank) to 127 ♦ But each byte in screen RAM is used to 
represent one character and a byte can be a nuMber frow 0 to 
255 ♦ With only 128 different characters ♦ what does one get 
when the value of a byte in screen Memory is greater than 
127? Try the following to discover the answer ♦ 

Press SYSTEM RESET 

SCRAM^256kPEEK ( 39 ) +PEEK ( 38 ) 

FOR 3>Q TO 255JP0KE SCRAM+I * I : NEXT I 

There you have it! Bytes with values frdrt 123 to 255 give 
the 33Me characters as those numbered 0 to 127 f but they are 
in inverse video* Actually seven bits in each byte are used 
to provide the character number in Graphics 0 and one bit 
tells the computer if the character should be displayed in 
inverse video* 



Press SYSTEM RESET 

POKE SCRAM ♦ 33 

POKE SCRAM+1 ,33+123 



In Graphics Modes 1 and 2 only six bits are used to 
P r o v i d e t h e c h a r a c t e r n u m b e r s o t h a t t h e t w o e a t r a b i t s c a n 
be used to give a color register nuttber ♦ 



Since only six bits are used for the character number in 
these Modes : > you can only get the first 64 characters in the 
character set* Let's explore this* 





^-Character * from 0 (0 000000) 
to 127 (1111111) ♦ 
A one here Means inverse video* 
This adds 123 to the value of the byte* 




v — Char scter # f r on 0 ( 0 0 0 0 0 0 ) 
1 to 63 ( 111111 ) ♦ 

>- Color register * froM 0 (00) to 3 (11) ♦ 
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GRAPHICS 1 

SCRAM~256*PEEK ( 89 ) +PEEK < 88 ) 

FOR 1=0 TO 63t POKE SCRAM > 1 1 SCRAM~SCRAM+i ♦ NEXT I 

(This gives the first 64 characters with the color 
stored in color register 0 because the first two bits of 
all the bytes are zero)* 

FOR 1=0 TO 63 J POKE SCRAM > 1 + 64 $ SCRAM»SCRA|i+i ♦ NEXT I 

(Adding 64 to each byte sets the first two bits to 01)* 

FOR 1=0 TO 63 t POKE SCRAM f 1 + 128 ! SCRAM=SCRAM+1 J NEXT I 

(Now you get color register 2 because the first two bits 
3 r e 1 0 w h i c h i s 2 i n d e c i n a 1 ) ♦ 

FOR 1 = 0 TO 63 J POKE SCRAM , 1+ 128 + 64 i SCRAM=SCRAM+1 J NEXT I 

(And finally color register 3) ♦ 



In Graphics Modes 1 and 2 t if you PRINT #6 1 "AaAs" (type 
the last two letters in inverse video) you get all capital 
A's on the screen but in four different colors* Can you 
figure out why this works? 
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Recall that the value stored in Menory location 756 
(CHBAS) tells the computer where to find the list of bytes 
which provide the pattern of bits for each character* You 
can change this value so that the coMputer looks elsewhere 
for those 8 byte patterns* Worksheet #7 will help you learn 
to use this fact to define your own characters* 



Below is a sur-mary of the use of each of the bits in a 
byte placed in screen RAM for each graphics node* The bits 
are referred to as follows* 



Bit numbers: 17 16 1514 13 12 1110 1 



Graphics Mode Use of Byte in Screen RAM 

0 Bits 0-6 code a value frou 0 to 127 

which is used as an offset into the 
character set table (8 bytes per char)* 
If Bit 7 is a one* you get inverse video* 

It 2 Bits 0-5 code a value fro« 0 to 

63 which is used as an offset into the 
character set table* 

Bits 6 and 7 provide the color register* 

3* 5* 7 Every two bits provide the color register 

(0 - 2 or background) for each pixel* 

4* 6 Each on bit is a pixel whose color is 

in register 0 * 

8 Each on bit is a pixel whose hue is in 

register 2 and whose luminance cories fro« 
color register 1* 
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I n t e r n a 1 Re p r e s e n t a t :L o n W o r k s h e e t # 7 



Type in and run the following program* 

10 CHARS«256XPEEK<756) 
20 GHSET=i20*256 

(We'll put our altered character set beg inning at CHSET* 
First you'll need to copy the computer's character set 
to this area of Memory so that we can change it) ♦ 

30 FOR I«0 TO 127*8+7 

^0 POKE CHSET+I f PEEK(CHARS+I) 

5 0 NEXT I 

(The next statement tells the computer where to find our 
character set)* 

60 POKE 756,120 
70 END 



After running the above program* you can change any or all of 
the characters in the character set by POKEing into Memory a 
new 8 byte pattern for the character* For example, a new "A" 
can be designed* 



0 
60 

60 These are decimal values 
9 0 of each of the bytes on the left* 
90 
9 0 
L53 
0 



The letter "A" is the 33rd character in the character set* 
Therefore* its bit pattern starts at CHSET+8*33 * 

P0S-=CHSET + S*33 



POKE 


POS, 0 








POKE 


POS+1 




Notice that every letter 


"A" on 


POKE 


POS+2 


t 6 0 


your screen changes as yg 


u POKE 


POKE 


POS+3 


,90 


in a new bit pattern. 




POKE 


POSM 


,90 






POKE 


POS+5 


>90 






POKE 


POS+6 


, 153 






POKE 


POS+7 


,0 
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Pisa with this ides 3nd see what interesting things you 
can do. Try redesigning the blank (character nuMber 0). For 
example, try the following! 

POKE CHSET,255 
POKE CHSET+ 1,255 
POKE CHSET+2,255 
POKE CHSET+5,255 
POKE CHSET+6,255 
POKE CHSET+7,255 

You Might try using the APX program called INSTEDIT which 
enables you to design new characters Much More easily* 



C o p y r :i. g h t A t a ri. I n c •> 1 9 3 3 > A 1 1 r i g h t s r e s erved, 

28 



2 



< 

u 



t 
c 
S 

3 

o 



OS 

B 

u 



6! 



fi 

s 

3 
"3 

u 



S 

u 



e 
S 

3 
O 

u 



c 
E 

"o 
u 



S 

u 



s 



to 

05 



o 

CO 



□ 



CD 



00 



eM 

CO 



CO 



8 

CO 



co 



cn 



in 

CO 



C5 



CO 
CO 



CO 



CM 
CO 



CP 
CD 



o 
m 



CO 



CM 



co 



CM 



m 



cn 



CO 
CO 



IN 
CD 



CO 



in 



m 

CO 



CO 



CD 



CO 



CD 



O 
O 



CO 



co 

CD 



CM 

m 



CD 
CO 



O 

CM 



flD 



in 
co 



cn 

CD 



CO 

m 



co 



m 



CM 



in 



CM 

o 



CD 
CO 



O 

CN 



in 



co 



CD 



CM 
CM 



CD 



CD 



co 
O 



CO 



in 
m 



Cn 
CO 



CO 

CM 



o 

CM 



O 



S3 



CO 
CO 



CD 

m 



o 



CO 



CM 



CM 



in 
o 



cn 
CO 



CO 



m 



m 

CM 



cn 



CM 
CM 



CD 
O 



O 

cn 



03 



co 
in 



CM 



CD 
CM 



CO 
CM 



O 



e 



cn 



in 



in 



co 



CM 



CM 



CO 
O 



CM 

cn 



o 

CD 



5 



CO 
CM 



CM 



0 
in 

CM 



cn 
o 



CO 

en 



CD 



in 



en 
CM 



CO 



e 

CD 
CM 



cn 



CO 



CM 
CD 



CD 



O 
CO 



e 

CM 



in 
cn 



cn 



co 

CD 



CO 



m 



29/ 



